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Abstract 
Seabirds are a highly endangered group of vertebrates; they are more threatened than any other group 
of bird. However, the Common Murre is one species that is showing an increasing population trend; I 
found that Common Murres have shown a significant increase in δ
15
N since 1994, in contrast to the 
threatened Marbled Murrelet, which has a similar biology but has shown decreasing δ
15
 N values that 
typically correlate with declining population size. This is potentially due to sexual dimorphism that 
allows for the Common Murre to fill a larger niche. While I found no statistical difference between male 
and female isotope values, further evaluation could be used to see if this larger niche is a result of other 
factors. Stable isotope analysis of δ
13
C and δ
15
N is one way to investigate these population trends since 
they are capable of showing foraging habit (inshore vs. offshore) along with trophic level. Unfortunately, 
as of now, there is no standardized way to sample feathers for isotope analysis, and it has been shown 
that different locations on the feather show different isotope values which correlate with the melanin 
concentration of the location. I found a consistent offset in δ
13
C between the tip and base of the 
feathers sampled. This offset could lead to slight differences in interpretation of the foraging strategy 
being used by the bird. Since seabirds are in such a threatened position, it is important to have a 
paramount understanding of their habits possible to ensure the best conservation efforts are being 
utilized.  
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Background 
Seabirds have markedly different, almost extreme, life-history characteristics compared to many 
terrestrial birds; they have long lives, deferred maturity, small clutch size and extended chick rearing 
periods (Schreiber and Burger, 2001). They are highly mobile, highly visible members of marine food 
webs that are often used as indicators of change. Seabirds essentially represent the top of the food 
chain so changes in lower trophic levels or in the environment are likely to be manifested in their 
populations; they are also affected by anthropogenic pressures, such as overexploitation of their food 
resources and pollution from industrial discharge (Parsons et al, 2008). Often, stable nitrogen and 
carbon isotopes (δ
15
N and δ
13
C) are used to study diet, physiology and migration in seabirds. Oceans 
exhibit spatial gradients in carbon and nitrogen isotope values, so individuals moving between 
isotopically distinct areas can carry information from previous areas with them (Forero and Hobson, 
2003); if a seabird is captured on its breeding grounds the isotopic composition of its tissues will give an 
idea of where the bird feeds at sea. For example, inshore food sources are enriched in 
13
C as compared 
with offshore sources in the marine environment (Bond and Jones, 2009).  
Seabirds are now more threatened than any other group of bird; of 346 species, 97 (28%) are 
listed as globally threatened while another 10% are listed as Near Threatened (IUCN, 2012). The 
Marbled Murrelet (Brachyramphus marmoratus) is just one of the many species considered Endangered 
due to a rapid population reduction – as much as a 50% decline was seen around Alaska from 1972-1992 
(Piatt and Naslund, 1995).  Despite this overall negative trend for seabirds, the Common Murre (Uria 
aalge) shows an increasing population trend in North America; they have an extremely large range and 
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population size thus they are categorized as a species of Least Concern (BirdLife International, 2015). 
Both the Common Murre and Marbled Murrelet are from the same family, Alcidae, and can be found 
within the same general population distribution along the North Pacific coast of the U.S. and Canada 
(Gatson and Jones, 1998). They also feed on similar items such as rockfish, anchovy, capelin, etc. (Ainley 
et al, 2002 and Nelson, 1997); decreases in these prey populations, as a consequence of overfishing and 
local climate change, have been directly linked with the decline in Marbled Murrelet populations (Norris 
et al, 2007). Regardless of the similarity in habitat and food sources they are complete opposites in 
population trends. 
 
 
 
 
 
One potential cause for these drastically different population fates could be attributed to the 
size of the niche filled by individuals within the population. The Common Murre shows sexual 
dimorphism where the male is typically larger and heavier than the female (Threlfall and Mahoney, 
1980), while the Marbled Murrelet shows no sexual dimorphism (Bradley et al, 2010).  There may be less 
competition within the Common Murre population due to the differences in size; males may be going 
after larger prey while the smaller females stick to more manageable sized prey. Without this difference 
in size, the Marbled Murrelet may experience more intraspecific competition which could make them 
more vulnerable to prey declines and be responsible for some of the population decline seen through a 
decrease in δ
15
N. By analyzing the δ
15
N and δ
13
C values of the Common Murre, and comparing the data 
to previous studies isotope studies done on both the Common Murre and the Marbled Murrelet, I am 
aiming to get a clearer understanding of the changes in population dynamic between and within these 
two species that allows one population to increase while the other declines. 
When looking across various isotope studies, methods for obtaining samples for analysis are not 
always consistent.  When analyzing tissues such as muscle and liver there is much debate over whether 
lipids should be extracted first, due to the fact lipids have more negative δ
13
C values relative to other 
major biochemical compounds in plant and animal tissues (Logan et al, 2008), or if mathematical 
formulas can compensate after the fact (Smyntek et al, 2007). Commonly, feathers are the tissue most 
used due to the ease of attainability. The isotopes found in feathers are an indication of dietary sources, 
A) B) 
Figure 1.1) A: Adult Common Murre -Monterey, CA, October 1997; non-breeding (Definitive Basic) 
plumage. B: Adult Marbled Murrelet - Homer, Alaska, 25 February; non-breeding (Definitive Basic) 
plumage. 
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as well as trophic position, during the molting period. Feathers are composed of keratin primarily but 
color pigments such as melanin are also present (Michalik, 2010). As a secondary aim, I analyzed 
samples from both the tips and bases of the feathers from the Common Murre to see if there is a 
difference in isotope values that are consistent with changes in melanin.  
Materials and Methods 
I analyzed feather samples from Common Murres (n=19) salvaged from the Pacific Northwest 
ranging from 44°38’12”– 46°58’25” N and 123°55’21” – 124°09’23” W. All feathers were washed in a 
solution of 87:13 chloroform/methanol to remove any oils and debris and then allowed to dry 
completely in beakers caped with foil with air holes in it, set within a fume hood. For n=11, primary 5 
(P5) was available for analysis; it is the first feather dropped during molting and thus the first to grow 
back in (Thompson et al, 1998). A small subset of these feathers (n=4) that showed significant color 
gradation were sampled at the tip and the base for comparison. The tip samples were taken from 25mm 
down the length of the rachis while base samples were taken from as close to the bottom of the feather 
growth as possible. In all cases, the vanes rather than the rachis were used for isotope analysis. 
 
      
 
  
For the remaining feathers (n=8), P5 was indistinguishable from other feathers; since all feathers were 
still growing at the time of death, one was selected at random due to the fact all “new growth” feathers 
represent the same time frame. I sampled the vanes as close to 25mm down the rachis (from tip to 
base) as possible, although some feathers were too short for this to be possible.  
 All feather samples were weighed out to approximately 1.0mg , placed in tin boats and analyzed 
on an Elemental Analyzer (Vario PYRO Cube) interfaced to a stable isotope ratio mass spectrometer 
(Isoprime 100) to obtain δ
15
 N and δ
13
C values. Stable isotope values are reported in δ-notation, 
expressed in parts per thousand (‰) according to the equation δX = ([Rsample/Rstandard] − 1)* 1000, where 
X is 
13
C or 
15
N, R is the corresponding ratio 
13
C/
12
C or 
15
N/
14
N. Rstandard is V-PDB and air, for δ
13
C and δ
15
N 
respectively. 
Tip 
Base 
Figure 1.2) Shows differences in areas sampled as well as color along the feather 
(darker color = higher concentration of melanin) 
 Results 
 I looked at the difference in isotope values between
and females.   
 
 No statistical difference was seen between male and female Common Murres in either 
δ
13
C values. This could be due to the small sample size I had to work with, potentially with more data, a 
pattern could be seen.  
16.0
16.5
17.0
17.5
18.0
18.5
19.0
19.5
-20 -19
δ
1
5
 N
  
(‰
)
A) 
B) 
C) 
Figure 1.3) A: δ
15
 N and δ
13
outlier due to extremely high 
males and females (excluding outlier). 
and females (excluding outlier
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 N value. B: Statistical analysis of nitrogen differences between 
 C:  Statistical analysis of carbon differences between males 
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I, then, compared the isotope values for the Common Murres to other known seabird data to 
see if they represent more coastal or offshore foraging based on the δ
13
C values, as well as how high the 
trophic level of their typical prey was around time of death/ feather growth based on the δ
15
N values.   
 
The Common Murre displays a relatively low δ
13
C value showing but they overlap with both 
pelagic and near-shore species; they represent an offshore coastal foraging strategy.  The δ
15
N value is 
very high compared to other seabirds showing that it feeds high up in the trophic level; population 
declines in marine species such as the Marbles Murrelet have been related to declines in trophic level 
(Norris et al, 2007)so this speaks to the success of the Common Murre. To further investigate the 
success of the Common Murre, I compared the δ
15
N average I obtained, which spans the years 2010-
2012, to Common Murre δ
15
N data found in Hobson et al. 1994 to see how the population has changed 
in that amount of time. 
 
 The Common Murre has shown a drastic increase in δ
15
N since 1994. This may have supported 
the population increase seen in North America.  
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Figure 1.4) COMU, common murre; 
NOFU, northern fulmar; CAAU, Cassin’s 
auklet; TUPU, tufted puffin; ANMU, 
ancient murrelet; MAMU, marbled 
murrelet; RHAU, rhinoceros auklet; 
PIGU, pigeon guillemot   
*Pink marks are birds that I collected 
data for, yellow marks represent the 
coastal birds discussed in Hobson et al. 
1994, and blue marks are the pelagic 
birds from Wiley et al. 2012. 
Figure 1.6) Shows the mean ± SD δ
15
 N of the 
Common Murre from Hobson et al. 1994 
against current data 
 Lastly, I measured the differences in 
feathers to see if the sample location could have an impact on the isotope values.
Based on the data shown in Fig. 1.3 there is no significant difference between 
is a lot of variance found in nitrogen. While carbon also shows no significant difference statistically, 
there is still a consistent offset between the tip an
average) and the difference is near-
 
Discussion 
As a group, seabirds are highly endangered (Croxall
information is needed in order to develop more targeted and effective conservation plans. Seabirds 
spend most of their lives flying over the ocean, making them logistically difficult to study. For example, 
many aspects of their diet are still unknown. Many of the techniques used to study diet, such as 
regurgitation analysis, can be incredibly invasive and very harmful to an already vulnerable group (e.g. 
requiring sacrifice of birds, stomach pumping, or taking chicks
and regurgitation studies do not give a full picture of diet because different kinds of prey are digested at 
different rates (Jackson and Ryan, 1986). Isotope studies offer a non
the dietary trends of seabirds which can ultimately 
period of time.  
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significant with only a very small sample size. 
 et al., 2012), so the maximum amount of 
’ meals). Furthermore, stomach content 
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Finding out what is contributing to the success of the Common Murre, despite constant 
interaction with fisheries that include boat disturbances, bycatch, net entanglements and alterations in 
predator-prey relationships (Denlinger, 2006), could lead to a more complete understanding of why 
other seabirds are declining so rapidly. There is something about the life history and strategies used by 
the Common Murre that allow it to continue to flourish while other birds are struggling. The sexual 
dimorphism seen in Common Murres does not explain the δ
15
N and δ
13
C variation I observed but the 
sample size I had to work with was small and all my samples were collected during the molt season 
which occurs directly after breeding; potentially if given a larger sample size and representatives of 
more than one time frame a pattern may become more apparent. Importantly, a wide range in δ
13
C 
values among individual Murres suggests that, as a population, they take advantage of a range of 
habitats along the inshore-offshore continuum, possibly reducing intraspecific competition. Also the 
Common Murre has shown a drastic increase in δ
15
N when compared to Hobson et al., 1994, 
presumably caused by an increase in trophic level. Since the heavy nitrogen isotope, 
15
N, is preferentially 
incorporated into the tissues of the consumer, a systematic enrichment of nitrogen isotope ratio, 
15
N/
14
N, is seen with each trophic level (Kelly, 2000). This shows that the Common Murre is increasing in 
trophic level due to the increase in δ
15
N. Further research is still needed to be done to see exactly what 
is causing the Common Murre to show such variance in δ
13
C as well as the increase in δ
15
 N and to rule 
out alternative explanations for temporarily increasing δ
15
N such as dentrification in their foraging 
range, etc.  
When looking at the tips and bases of feathers there was definitely a consistent offset in δ
13
C 
values. While it may not be a significant difference according to my data it is important to note because 
there is currently no standardized practice for sampling feathers for isotopic analysis. It has been found 
that black feather parts are significantly depleted in 
13
C relative to white feather parts due to differences 
in melanin concentration (Michaik et al, 2010; Wiley et al, 2010). This could lead to potential 
misinterpretations of data since carbon variation is typically seen as a way to see inshore vs. offshore 
feeding habits in seabirds; if one researcher tested the tip of a feather and another tested the base they 
could report opposite findings. With the Common Murre, due to the wide foraging range coupled with a 
wide range in δ
13
C values, I do not feel that this offset between tip and base would alter my findings. It is 
important that matters such as these get resolved to ensure that the most accurate conclusions are 
drawn and proper conservation methods are being employed to protect this endangered group. Perhaps 
with further research into more exact sampling methods, as well as a better understanding of the major 
cause of current seabird decline, we can move to more targeted efforts that can turn the negative 
population trend around. 
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